We demonstrate a numerical method to show how the s-wave scattering length for a pair of colliding atoms can be obtained as the limit, at infinite atomic separation, of the accumulated scattering length that satisfies the first order ordinary differential equation derived from variable phase theory [1] . The accumulated scattering length a(R), at separation R, is equal to the scattering length calculated for an interaction that is truncated at R and when the interaction supports bound vibrational molecular states, as it certainly does for alkali metals, the accumulated scattering length has poles corresponding to the turning points of the zero energy molecular vibrational wave-function and the usual numerical algorithms for solving ordinary differential equations cannot be used. We show how the differential equation satisfied by the accumulated scattering length can be rewritten as a Riccati equation satisfied by the log-derivative [2] so that a suitable integrator for the log-derivative, a symplectic integrator [3, 4] , may be used. We provide a numerical tabulation of a(R) for Cs-Cs scattering via a model potential interaction [5] .
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From the differential equation satisfied by a(R) we derive simple expressions for the correction to the scattering length, evaluated as a(R c ) at some cut-off separation R c , that arises from the first order effect of the interaction over the range [R c , ∞]. We show that one of our expressions overestimates (algebraically) the scattering length while the other underestimates it, and we show, for typical inverse power dispersion interactions, how the two expressions may be combined to yield a better estimate. We relate our expressions to those obtained elsewhere [6] [7] [8] [9] [10] and demonstrate that one of them can be obtained from secular perturbation theory [11, 12] . Finally we discuss higher order corrections obtainable from the differential equation and relate them to the higher order corrections predicted by secular perturbation theory.
